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Ozet

Amag: Folik asit takviyesinin Tirk toplumunda gebelerin serum folat diizeyle-
ri tizerine etkisinin belirlenmesi amaclanmistir. Gereg ve Yontem: Toplam 397
hastanin klinik kayitlar retrospektif olarak incelendi. Folik asit takviyesi ya-
pilip yapiimamasina gore hastalar 2 gruba ayrildi: Grup 1 (n=294), gebelikten
once veya gebelik sirasinda folik asit takviyesi kullanmamis hastalar, Grup 2
(n=103) gebelik 6ncesinden baslayarak diizenli olarak hergiin 400 mcg kul-
lanan hastalar. Gruplar demografik ve laboratuar veriler acisindan karsilas-
tirildi. Bulgular: Gebelik 6ncesi ve gebelik sirasindaki hemoglobin, serum kal-
siyum ve serum folat seviyeleri her 2 grupta benzer olarak saptand (sirasiy-
la p=0.544, p=0.549, p=0.289, p=0.299, p=0.072 ve p=0.061). Grup 1 icin ge-
belik 6ncesi ve gebelik sirasindaki folat konsantrasyonlari arasinda istatik-
sel olarak anlamli fark saptanmadi (p=0.059). Grup 2 icin gebelik 6ncesin-
de ve gebelik sirasinda folat konsantrasyonlari istatistiksel olarak benzer-
di (p=0.057). Molar gebelik, intrauterin 6lum, noral tip defekti, ventrikiler
septal defect, fetal buyiime kisitlihgi, preeklampsi, preterm dogum, dogum
agirhg, yenidogan yogun bakim gereksinimi, 1. ve 5. dakika Apgar skorlari
gibi perinatal sonuglar bakimindan gruplar benzer olarak saptandi (sirasiyla
p=0.760, p=0.576, p=0.382, p=0.553, p=0.452, p=0.940, p=0.683, p=0.855,
p=0.710, p=0.910 ve p=0.924). Tartisma: Mevcut ¢alismanin bulgulari, gebe
kadinlarda sadece giinliik beslenme aliskanliklariyla serum folat diizeylerinin
4.5 ng/ml lizerinde tutulabildigini dustindirmektedir.
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Abstract

Aim: To determine the effect of the use of folic acid supplementation on
serum folate levels in Turkish pregnant women. Material and Method: Clini-
cal records of a total of 397 patients were retrospectively examined. The
patients were recruited into 2 groups based on folic acid supplementation.
Group 1 included 294 women who did not take any folic acid tablets before
or during pregnancy and Group 2 consisted of 103 women who regularly took
400 mcg of folic acid daily, starting from the preconception period. Both
groups were compared with respect to demographic and biochemical char-
acteristics. Results: The patients in Group 1 and 2 had statistically similar
pre-pregnancy and pregnancy hemoglobin, pre-pregnancy and pregnancy se-
rum calcium, and pre-pregnancy and pregnancy serum folate concentrations
(p=0.544, p=0.549, p=0.289, p=0.299, p=0.072, and p=0.061 respectively).
No statistically significant difference was determined between pre-pregnan-
cy and pregnancy folate concentrations in Group 1 (p=0.059). Pre-pregnancy
and pregnancy folate concentrations were statistically similar in Group 2
(p=0.057). Both study groups were determined as statistically similar with
respect to perinatal outcomes, including molar pregnancy, intrauterine de-
mise, neural tube defects, ventricular septal defect, fetal growth restriction,
preeclampsia, preterm birth, birth weight, neonatal intensive care unit ad-
mission, and 1st minute and 5th minute Apgar scores (p=0.760, p=0.576,
p=0.382, p=0.553, p=0.452, p=0.940, p=0.683, p=0.855, p=0.710, p=0.910,
and p=0.924 respectively). Discussion: Based on the findings of the present
study, it may be considered that serum folate concentrations in pregnant
women can be maintained by dietary intake alone of over 4.5 ng/ml.
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Introduction

Folic acid is a water-soluble B complex vitamin that is made up
of a pteridine ring system, p-aminobenzoic acid, and one mol-
ecule of glutamic acid (chemical name: pteroylglutamic acid).
The folates in nature are pteroyl polyglutamic acids with 2 to 8
glutamic acid groups. If folic acid is included in vitamin supple-
ments and fortified foods, it is frequently in the synthetic and
stabilized form which is named folate. The active form of folate
in the human body, tetrahydrofolic acid, participates as a coen-
zyme in several essential metabolic reactions. This coenzyme
also acts as a vital component in the generation of blood cells
and the synthesis and repair of genetic materials that contain
nucleic acids [1-5].

Leafy green vegetables, spinach, fruits, and organ foods such
as liver are sources rich in folate. Polyglutamates are the most
common forms of folate in foods. Absorption of polyglutamates
takes place in the proximal small intestines upon conversion
into monoglutamates. The body is able to absorb only about
50% of dietary folate. This problem is further complicated by
cooking, processing, and storage practices [4-7].

Food fortification of grain products has been introduced in
many countries to increase folic acid intake. It has been esti-
mated that the folic acid absorption rate is 85% from fortified
foods including flour, rice, pasta, bread, and breakfast cereals
[8]. However, there is no practice of food fortification with folic
acid in Turkey. Instead, commercially available vitamin tablets
with folic acid are prescribed for pregnant women. Folic acid is
available in different doses in multivitamin tablets or in tablets
only containing folic acid [9]. It has been reported that folic acid
absorption rate is 100% from multivitamin supplements [10].
The present study aimed to determine the serum folate concen-
trations of Turkish women in the first trimester of pregnancy in
respect to the utilization of vitamin supplements.

Material and Method

This retrospective study was conducted at Pazarcik State Hos-
pital, which is a secondary level hospital. Approval for the study
was granted by the Ethics Committee of Kahramanmaras Sutcu
Imam University Hospital.

A retrospective examination of medical records between Janu-
ary 2010 and December 2014 was conducted to determine
patients whose pre-pregnancy and first trimester serum levels
of folate, iron and calcium, and hemoglobin levels were avail-
able from their medical records. Patients for whom we only had
second or third trimester measurements were not included in
the study since the physiological increase in plasma volume be-
comes prominent especially in the 2nd and 3rd trimesters of
pregnancy, which may lead to a decrease in serum levels of the
measured parameters. By these inclusion criteria, 397 patients
were identified and grouped retrospectively according to the
receipt of periconceptional folate supplementation at a dosage
of 400 mcg. Group 1 included 294 women who did not take any
folic acid tablets before or during pregnancy and Group 2 con-
sisted of 103 women who regularly took 400 mcg of folic acid
daily, starting from the preconception period.

Women with congenital heart diseases, epilepsy, a body mass
index (BMI) of <19 kg/m2 or >29.9 kg/m2, those who had been
diagnosed with acute or chronic diseases (hypertension, dia-

betes mellitus, renal insufficiency, hepatic diseases, infections,
and immunological disorders), those who were on a vegetarian
diet, who smoked, or who had a history of a fetus with neural
tube defect were excluded from the study. Women who abused
alcohol, who were taking anti-cancer, immunosuppressive or
anticoagulant drugs, and those who were taking other medica-
tions containing zinc or iron were also excluded.

Serum folate concentrations were measured using chemilumi-
nescent microparticle immunoassay technology on an Architect
12000 analyzer (Abbott Diagnostics, IL, USA).

Folate deficiency is diagnosed if the serum folate level is <4.5
ng/ml. The World Health Organization (WHO) recommends
that erythrocyte folate concentrations should be > 400 ng/ml
in women of reproductive age so that neural tube defects can
be reduced to a minimum. Therefore, WHO recommends using
erythrocyte folate threshold of >400 ng/ml as an indicator for
folate deficiency. However, no serum folate threshold is recom-
mended to prevent neural tube defects for women of reproduc-
tive age in the general population. To what extent serum folate
levels reflect folate deficiency is a matter of debate [11].

Data related to age, BMI, gravidity, parity, consanguinity, and
perinatal outcomes of the participants were acquired from their
hospital records. Pre-pregnancy and pregnancy serum hemo-
globin, iron, calcium, and folate concentrations of the partici-
pants were also retrieved from the medical files.

Collected data were analyzed by Statistical Package for Social
Sciences version 18.0 (SPSS IBM Software, Armonk, NY, USA).
Continuous variables were expressed as mean + standard de-
viation and categorical variables were denoted as numbers or
percentages where appropriate. The Kolmogorov-Smirnov test
was used to test the distribution of variables. The Student t
test, paired samples t test, Mann Whitney U test, and Wilcoxon
test were utilized for comparisons. Two-tailed p values less
than 0.05 were accepted as statistically significant.

Results

The demographic characteristics of the two groups are pre-
sented in Table 1. The women in Groups 1 and 2 were statisti-
cally similar with respect to age, body mass index, consanguin-
ity, gravidity, parity, and gestational age (p=0.338, p=0.895,
p=0.143, p=0.896, p=0.833, and p=0.103 respectively).

Table 1. Demographic Data of the Patients

Group 1 (n=294) Group 2 (n=103) P value
Age (years) 26.1 £59 26.7 +5.5 0.338
Body mass index (kg/m2) 248 + 49 247 £39 0.895
Consanguinity (n) 61 (20.3%) 14 (14.7%) 0.143
Gravidity 25413 25+1.2 0.896
Parity 1.2+1.1 1.3+1.1 0.833
Gestational age (weeks) 82+22 78+19 0.103

n: Number of patients (%)

The laboratory data of the study groups are presented in Table
2. The women who did not take any folic acid tablets before
or during pregnancy and the women who regularly took 400
mcg of folic acid had statistically similar pre-pregnancy and
pregnancy hemoglobin, pre-pregnancy and pregnancy serum
calcium, and pre-pregnancy and pregnancy serum folate con-
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Table 2. Laboratory Data of the Study Groups

Group 1 Group 2 P

(n=294) (n=103) value
Pre-pregnancy hemoglobin (g/dl) 119+29 124 + 21 0.544
Pregnancy hemoglobin (g/dl) 11.8 + 3.1 121 +22 0.549
Pre-pregnancy serum iron (pg/dl) 752 + 4.6 87.5+9.1 0.040
Pregnancy serum iron (ug/dl) 748 + 348 845+ 579 0.045
Pre-pregnancy serum calcium (mg/dl) 100+ 0.4 10.1 +0.4 0.289
Pregnancy serum calcium (mg/dl) 93+03 102 +£0.4 0.299
Pre-pregnancy serum folate (ng/ml) 100+ 6.5 9.8 +4.7 0.072
Pre-pregnancy folate deficiency 21 (7.4%) 8 (7.8%) 0.828
Pregnancy serum folate (ng/ml) 92+44 109 + 3.7 0.061
Pregnancy folate deficiency 22 (7.5%) 6 (5.8%) 0.831

centrations (p=0.544, p=0.549, p=0.289, p=0.299, p=0.072 and
p=0.061 respectively). Pre-pregnancy and pregnancy serum
iron concentrations were determined to be statistically signifi-
cantly lower in Group 1 than in Group 2 (p=0.040 and p=0.045
respectively). No statistically significant difference was deter-
mined between the pre-pregnancy and pregnancy folate levels
in Group 1 (p=0.059). Pre-pregnancy and pregnancy folate con-
centrations were statistically similar in Group 2 (p=0.057).
Table 3 shows the comparison of the perinatal outcomes of the
two study groups. The women in Groups 1 and 2 were statisti-
cally similar in respect to perinatal outcomes including molar
pregnancy, intrauterine demise, neural tube defects, ventricu-
lar septal defect, fetal growth restriction, preeclampsia, pre-
term birth, birth weight, neonatal intensive care unit admission,
and 1st and 5th minute Apgar scores (respectively p=0.760,
p=0.576, p=0.382, p=0.553, p=0.452, p=0.940, p=0.683,
p=0.855, p=0.710, p=0.910 and p=0.924).

Table 3. Perinatal Outcomes of the Study Groups

Group 1 Group 2 P

(n=294) (n=103) value
Molar pregnancy 4 (1.3%) 1 (1.0%) 0.760
Intrauterine demise 14 (4.8%) 5 (4.9%) 0.576
Neural tube defects 4 (1.3%) 3 (3.0%) 0.382
Ventricular septal defect 1 (0.3%) 0 (0.0%) 0.553
Fetal growth restriction 1 (0.3%) 1 (1.0%) 0.452
Preeclampsia 9 (3.1%) 3 (2.9%) 0.940
Preterm birth 22 (7.5%) 9 (8.7%) 0.683
Birth weight 3154.7+2235 3227.8+3189 0.855
1st minute Apgar score 7.2+3.4 7.4+2.5 0.910
5th minute Apgar score 9.0+2.5 8.8+2.6 0.924
Neonatal intensive care unit 25 (8.5%) 10 (9.7%) 0.710
admission

Discussion

It is well known that vitamin replacement offers a definitive cure
in cases of vitamin deficiencies that may result in significant
morbidity. Therefore, vitamin supplements have been tradition-
ally considered to restore and nourish the health of consumers.
The need for vitamins may increase during pregnancy and thus,
vitamin deficiencies may have a negative impact on both the
mother and fetus. However, the effects of vitamin supplements
on non-deficient pregnant individuals are unclear [12].

In the most frequently adopted guidelines, it is advised that all

women in the reproductive period should consume a healthy,
folate-rich diet. Moreover, consultation should be provided to
these women about the benefits of folic acid supplementation
during medical well-being visits whether or not a pregnancy is
planned. The reason for such counseling is that many pregnan-
cies are unplanned and all women in the reproductive age group
may become pregnant. This recommendation is based on clini-
cal experience, descriptive studies, or reports of expert commit-
tees rather than on properly randomized controlled trials. That
is, the opinions of respected authorities have been considered
satisfactory enough to recommend folic acid supplementation
in women of childbearing age [13, 14].

The aforementioned guidelines also emphasize that folic acid/
multivitamin supplementation is needed to achieve the serum
concentrations that are required to provide protection against
neural tube defects. Therefore, women with a low risk for neural
tube defects or congenital cardiac anomalies and women with
low-risk male partners (male partners with no personal or fam-
ily risk for NTD or folic acid-sensitive birth defects) should be
advised to take an oral multivitamin supplement containing 0.4
mg folic acid daily for at least 2 to 3 months before conception,
throughout the pregnancy, and for 4 to 6 weeks in the post-
partum period. This recommendation is based on better-quality
evidence obtained from well-designed cohort or case-control
studies. Such evidence has been accepted as sufficient for the
recommendation of folic acid supplements in women who wish
to conceive [15, 16].

Normal mineral and vitamin metabolism is essential for suc-
cessful pregnancies. However, there is a scarcity of well-de-
signed, large-scale, and controlled studies of the utilization of
folic acid supplements in pregnancy; practical implications of
this issue are based on general recommendations rather than
evidence-based information [17, 18].

Dietary studies can offer valuable data about the effects of vi-
tamin intake on both the mother and fetus, but significant prob-
lems may arise in the interpretation and specification of their
results. The first challenge is that dietary studies are generally
designed as non-interventional population studies that allow
the inclusion of large numbers of individuals. Yet, these studies
usually review non-homogeneous and poorly defined popula-
tions which are not stratified in terms of demographic, social,
and clinical characteristics. Moreover, accurate assessment of
food intake and correct determination of individual food com-
ponents is difficult and unreliable in non-interventional dietary
studies [10, 19, 20].

The second challenge is that isolated deficiencies of dietary
components are rarely encountered. Accordingly, individu-
als are recruited from the geographical areas with generally
known dietary shortcomings and interventional dietary studies
are conducted. These participants often have nutritional habits
that result in the deficiency of several food components. Such
a situation may have three consequences: the replacement of a
single food component may be inadequate to get a clinical re-
sponse; simultaneous replacement of several food components
may result in harmful overdoses; and the probable occurrence
of nutrient interactions may impair the efficiency of this re-
placement. Therefore, controlled studies should be carried out
to evaluate the validity and reliability of the results obtained
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from dietary studies [21].

The results of the present study indicated statistically similar
pre-pregnancy and pregnancy serum folate concentrations for
women who have never consumed folic acid supplements and
women who have regularly taken folic acid tablets (p=0.072 and
p=0.061 respectively). Both groups of women were similar in
respect to perinatal outcomes including intrauterine demise,
neural tube defects, ventricular septal defect, fetal growth
restriction, preeclampsia, preterm birth, birth weight, neona-
tal intensive care unit admission, and Apgar scores (p=0.576,
p=0.382, p=0.553, p=0.452, p=0.940, p=0.683, p=0.855,
p=0.710, p=0.910 and p=0.924 respectively).

These findings imply that the women living within the study
area have been able to maintain serum folate concentrations
over 4.5 ng/ml by dietary intake alone. This interesting result
can be attributed to the exclusion of any risk factor that may
lead to folate deficiency. Another underlying factor may be the
relatively low frequency of the 5, 10-methylenetetrahydrofo-
late reductase enzyme variant in the study cohort. This enzyme
has a fundamental role in the transfer of a methyl group to
homocysteine in order to make up methionine. The variant of
5, 10-methylenetetrahydrofolate reductase enzyme exists in
about 5% to 15% of the general population and it can compro-
mise tissue folate levels [22].

A clinical study conducted within the Tokat province of Turkey
reported serum folate levels of 7.9 ng/ml for 246 adults (145
men and 101 women) with alopecia areata and serum folate
concentrations of 7.4 ng/ml for 89 healthy adults [23]. These
values are consistent with the serum folate concentrations of
the pregnant women reviewed in this study.

The power of the current study is limited by several factors.
The first factor is the relatively small cohort size. Neural tube
defects occur in approximately 0.1% of all births and the cohort
size of this study was insufficient to draw a conclusion about
the effects of folate supplementation on congenital anomalies.
Other factors include the retrospective nature of the pre-preg-
nancy biochemical values, the lack of data related to dietary
habits, and the concentrations of other anemia markers includ-
ing vitamin B12, ferritin, and transferrin.

Another limiting factor is that no threshold for serum folate
concentration has been recommended for the prevention of
neural tube defects in women of reproductive age. In fact, it
has been advised to use the threshold value for erythrocyte
folate concentration to establish the corresponding threshold
value in serum [11]. To the best of our knowledge, there are no
randomized controlled studies in the literature that focus on the
dose of folic acid supplementation and the ideal serum folate
concentration in women of childbearing age.

In conclusion, based on the results of the present study, it can
be considered that pregnant women are able to maintain serum
folate concentrations over 4.5 ng/ml by dietary intake alone
without folic acid supplementation. This may provide a ratio-
nale for maintaining folic acid supplementation at a lower dose
and not necessarily insisting on folic acid supplementation in
populations with a low prevalence of folate deficiency.
Pre-pregnancy and early pregnancy folate supplementation has
been firmly established as a part of prenatal care. However,
the findings of studies conducted in geographical areas with a

high prevalence of folate deficiency are particularly important
as they may show that supplementation prophylaxis is effec-
tive. Further prospective large-scale research is warranted to
understand the benefits of folic acid supplementation before
pregnancy and during early gestation in Turkish women.

Competing interests
The authors declare that they have no competing interests.

References

1. Christian P, Mullany LC, Hurley KM, Katz J, Black RE. Nutrition and maternal,
neonatal, and child health. Semin Perinatol 2015;39(5):361-72.

2. Talaulikar VS, Arulkumaran S. Folic acid in obstetric practice: a review. Obstet
Gynecol Surv 2011;66(4):240-7.

3. Obican SG, Finnell RH, Mills JL, Shaw GM, Scialli AR. Folic acid in early preg-
nancy: a public health success story. FASEB J 2010;24(11):4167-74.

4. De-Regil LM, Fernandez-Gaxiola AC, Dowswell T, Pefia-Rosas JP. Effects and
safety of periconceptional folate supplementation for preventing birth defects.
Cochrane Database Syst Rev 2010;6(10): CDO07950.

5. Lassi ZS, Salam RA, Haider BA, Bhutta ZA. Folic acid supplementation during
pregnancy for maternal health and pregnancy outcomes. Cochrane Database Syst
Rev 2013;28;3:CD006896.

6. Banjari I, Matokovi¢ V, Skoro V. The question is whether intake of folic acid
from diet alone during pregnancy is sufficient. Med Pregl 2014;67(9-10):313-21.
7. Dean SV, Lassi ZS, Imam AM, Bhutta ZA. Preconception care: nutritional risks
and interventions. Reprod Health 2014;26;11 Suppl 3:S3.

8. Dwyer JT, Wiemer KL, Dary O, Keen CL, King JC, Miller KB, Philbert MA, Tarasuk
V, Taylor CL, Gaine PC, Jarvis AB, Bailey RL. Fortification and health: challenges
and opportunities. Adv Nutr 2015;6(1):124-31.

9. Koken GN, Derbent AU, Erol O, Saygin N, Ayik H, Karaca M. Awareness and use
of folic acid among reproductive age and pregnant women. J Turk Ger Gynecol
Assoc 2013;14(2):87-91.

10. Hovdenak N, Haram K. Influence of mineral and vitamin supplements on preg-
nancy outcome. Eur J Obstet Gynecol Reprod Biol 2012;164(2):127-32.

11. Cordero AM, Crider KS, Rogers LM, Cannon MJ, Berry RJ. Optimal serum
and red blood cell folate concentrations in women of reproductive age for pre-
vention of neural tube defects: World Health Organization Guidelines MMWR
2015;64(15):421-3.

12. Darnton-Hill I, Mkparu UC. Micronutrients in pregnancy in low- and middle-
income countries. Nutrients 2015;7(3):1744-68.

13. Cawley S, Mullaney L, McKeating A, Farren M, McCartney D, Turner MJ. A re-
view of European guidelines on periconceptional folic acid supplementation. Eur )
Clin Nutr 2016;70(2):143-54.

14. Haider BA, Bhutta ZA. Multiple-micronutrient supplementation for women dur-
ing pregnancy. Cochrane Database Syst Rev 2015;1;11:CD004905.

15. Wilson RD; Genetics Committee, Wilson RD, Audibert F, Brock JA, Carroll J,
Cartier L, Gagnon A, Johnson JA, Langlois S, Murphy-Kaulbeck L, Okun N, Pas-
tuck M; Special Contributors, Deb-Rinker P, Dodds L, Leon JA, Lowel HL, Luo W,
MacFarlane A, McMillan R, Moore A, Mundle W, O’Connor D, Ray J, Van den Hof
M. Pre-conception folic acid and multivitamin supplementation for the primary
and secondary prevention of neural tube defects and other folic acid-sensitive
congenital anomalies. ) Obstet Gynaecol Can 2015;37(6):534-52.

16. Suchdev PS, Pefa-Rosas JP, De-Regil LM. Multiple micronutrient powders for
home (point-of-use) fortification of foods in pregnant women. Cochrane Database
Syst Rev 2015;19;6:CD0O11158.

17. Morgan MA, Hawks D, Zinberg S, Schulkin J. What obstetrician-gynecologists
think of preconception care. Matern Child Health ) 2006;10(5 Suppl):S59-65.

18. Guaraldi C, Costantino M, Costantino D. Counseling about folate intake during
pregnancy. Minerva Ginecol 2015;67(5):405-12.

19. Goh YI, Bollano E, Einarson TR, Koren G. Prenatal multivitamin supplementa-
tion and rates of congenital anomalies: a meta-analysis. ] Obstet Gynaecol Can
2006;28(8):680-9.

20. Charles DH, Ness AR, Campbell D, Smith GD, Whitley E, Hall MH. Folic acid
supplements in pregnancy and birth outcome: re-analysis of a large randomised
controlled trial and update of Cochrane review. Paediatr Perinatal Epidemiol
2005;19(2):112-24.

21.Koebnick C, Hoffmann |, Dagnelie PC, et al. Long-term ovo-lacto vegetarian diet
impairs vitamin B-12 status in pregnant women. J Nutrition 2004;134(12):3319-
26.

22. Talaulikar VS, Arulkumaran S. Folic acid in obstetric practice: a review. Obstet
Gynecol Surv 2011;66(4):240-7.

23. Seckin HY, Bas Y, Takci Z, Sezgin S. Clinical, demographic and labora-
tory features of patients with alopecia areata in Tokat region. J Clin Anal Med
2015;5(8):1-3.

How to cite this article:

Ozer A, Ozer S, Kanat-Pektas M, Kostu B, Ercan O. How Does Folic Acid Supple-
mentation Affect Serum Folate Concentrations in Pregnant Turkish Women? ) Clin
Anal Med 2016;7(4): 538-41.

Journal of Clinical and Analytical Medicine | 541



